In 2001, California instituted a statewide test measuring English proficiency for English learners, students who are not proficient in English. In 2003 and 2004 , nearly 500,000 English learners in grades 1-5 took this test each year. The relationship between bilingual education receipt and English proficiency is estimated using value-added regression models for each section of the test-listening and speaking, reading, and writing. In these regression models, students in bilingual education have substantially lower English proficiency of 0.3 standard deviations or more compared with other English learners in first and second grades. In contrast, the difference between bilingual education and other programs is usually less than 0.1 standard deviations for students in grades 3-5. These results hold for ordinary least squares, school fixed effects, and propensity score models.
INTRODUCTION
Over 10 percent of the nation's K-12 students are not proficient in English and speak a language other than English at home (Padolsky 2005) . In California, these students-called English learners (ELs)-make up more than 25 percent of the K-12 student body. Although California has by far the most EL students of any state in the country, many other states are experiencing rapid growth in the population of EL students. For example, the EL population has more than doubled in Colorado, Nevada, and Oregon over the last ten years, resulting in a student population that is more than 10 percent EL in each state. Therefore, an analysis of the experience of EL programs in California can provide guidance for other states.
The academic and labor market success of EL students depends in large part on their ability to become proficient in English. Standardized tests are usually given in English, and EL students have consistently lower test scores than students whose primary language is English. English language proficiency is critical for overall academic success. Furthermore, several authors have demonstrated the positive link between English proficiency and success in the labor market (Gonzalez 2000; Trejo 2003; Bleakley and Chin 2004) .
As most educators and researchers would agree, instruction targeting English proficiency is necessary for students with little English proficiency. For these students, the key research question concerns the most effective type of instructional services that they receive rather than whether they should receive services at all. Programs that use students' primary (non-English) language in academic subjects are called bilingual education programs. There are two important differences between bilingual programs and other EL programs. The first is the obvious difference in the language of instruction: bilingual programs teach academic subjects in the primary language, whereas other EL programs teach these subjects in English. The second difference is that bilingual programs attempt to improve academic skills and primary language skills in addition to English language skills, whereas other EL programs focus only on improving English language skills.
Previous work on bilingual education has focused on the outcome of academic achievement (Greene 1998; Gordon and Hoxby 2002; Lopez 2003) .
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As stated above, improving academic achievement is a long-run objective of bilingual and other EL programs, but it is not the only objective. The shortterm objective of all EL programs-bilingual and other-is to improve English proficiency. The goal of this article is to look at the effect of bilingual education on English proficiency. Another objective of bilingual education programs is to improve primary-language proficiency, but studying that objective is beyond the scope of this article.
Using administrative data on almost 500,000 Spanish-speaking EL students in California, I compare English learners who receive bilingual education (academic instruction in the primary language) with English learners who receive EL services that provide academic instruction in English. In California, students are not randomly assigned to bilingual programs. Schools choose whether to offer bilingual education, and students need to obtain parental permission in order to participate in bilingual programs, both consequences of 1998's Proposition 227. I use multiple techniques to control for this nonrandom selection. For example, propensity score analysis matches bilingual students with students receiving other EL services based on the likelihood of participating in bilingual education.
The results of this study show that bilingual education has a sizable negative effect on English proficiency for students in first and second grades, with magnitudes often in excess of 0.3 standard deviations. This pattern is consistent across four different methods: ordinary least squares (OLS), school fixed effects, matching estimators, and instrumental variables (IV). In later elementary grades (3-5), the effect of bilingual education is usually less than 0.1 standard deviations, and it is sometimes not significantly different from zero. This negative effect is not surprising. Non-bilingual programs are narrowly focused on English proficiency, whereas bilingual education programs encourage proficiency in the student's primary language and in English. The pattern of results is also consistent with common approaches to bilingual education in California, where the percentage of instruction in English is as low as 10 percent in kindergarten compared with nearly 50 percent by fifth grade. Finally, Proposition 227 requires that all EL students spend thirty days in English-only classrooms when they first enroll in California schools, and most EL students enroll in California schools in kindergarten or first grade. Thus, students in bilingual programs have thirty fewer days of instruction in bilingual education during their first year in a California school.
PROPOSITION 227 AND BILINGUAL EDUCATION IN CALIFORNIA
In June 1998, California voters passed Proposition 227, which requires that students learning English be taught "overwhelmingly in English." However, the proposition does allow for students to enroll in bilingual education under special circumstances. First, a parent or guardian has to fill out a parental waiver form at the school. If there are at least twenty students in the district with waivers, the district is required to offer bilingual education. However, the district is not required to offer bilingual education at every school in the district, so students may be required to switch schools in order to receive bilingual education. A final requirement of the proposition is that EL students who are new to California schools spend thirty days in English-only classrooms before they can transfer to other programs such as bilingual education. Rossell (2005) documents the variation in implementation of Proposition 227 across schools and districts, particularly in the years immediately following passage of the proposition. For example, schools (and even classrooms within schools) vary greatly in their use of waivers. Some schools send waivers home with children, and others call parents about waivers even though the law requires parents and guardians to initiate the waiver process. At the other extreme, some schools do not mention waiver availability unless explicitly asked by parents. Another source of variation across the state is that the definition of "overwhelmingly in English" ranges anywhere from 60 to 100 percent of instruction in English. Overall, implementation of the proposition appears to have been more uniform a few years after the proposition passed, with the exception of continued variation in waiver policy (Rossell 2005; Parrish et al. 2006) .
RELATION TO PREVIOUS WORK
Many researchers have written about bilingual education, but most of these studies are not able to identify the causal effect of bilingual education as opposed to other EL programs on student outcomes (Greene 1998) . Some of the studies lack a comparison group (i.e., students not in bilingual programs), whereas others do not control for observable (or unobservable) differences between students in bilingual programs and other students. In this article, the discussion is limited to rigorous analyses that attempt to control for the nonrandom selection of students into bilingual education.
Among the studies with comparison groups and controls for selection, several authors- Cheng (1996) , Mora (1998), Federman (2000) , Mora (2000) , and Lopez (2003) -focus on the effects of primary language instruction, usually in academic subjects, on individual students using the National Educational Longitudinal Survey (NELS) or the High School and Beyond (HSB) surveys. This restrictive definition of bilingual education is quite similar to the definition of bilingual education that I employ. A limitation of these studies is that their comparison groups include all students who speak a language at home other than English.
2 The comparison groups include students who are proficient in English as well as students who are not proficient in English.
2. The comparison group is chosen because the authors cannot identify EL status, but they can identify language minority status.
The authors find mixed results of bilingual education due to differences in outcomes, methods, or data sets. The study mandated by California's Proposition 227 finds insignificant effects of bilingual education on student-level mathematics and reading test scores (Parrish et al. 2006) . The study's preferred model is a hierarchical linear model for a large panel of student-level data from the Los Angeles school district. However, the authors acknowledge that this model may not fully control for the nonrandom selection of students into bilingual education programs. Gordon and Hoxby (2002) look at the effect of bilingual education (again defined as academic instruction in the primary language) on grade-level academic achievement in California. In their preferred IV model, they find a positive effect of bilingual education on achievement in multiple subjects, although these effects are concentrated in the earlier grades. The instrument is the change in the school's percentage of students eligible for bilingual education if the school had mechanically followed Proposition 227. 4 They look separately at the effects of bilingual education on the performance of EL students and on the performance of English-proficient students. Greene (1998) conducts a meta-analysis of eleven rigorous studies on bilingual education. He finds a positive effect of bilingual education on academic achievement (primarily reading). In other words, students in bilingual education programs outperform other EL students, students who receive EL services in English, and those who receive no EL services. August and Shanahan (2006) provide a more recent meta-analysis and reach similar conclusions. Genesee et al. (2006) summarize the education literature and find positive associations between primary language instruction and various measures of English proficiency and academic achievement.
Rather than looking at bilingual education, Matsudaira (2005) includes all English language services in a single category. He uses a regression discontinuity design based on a standardized test determining eligibility for English language services; students above the threshold do not receive English language 3. As an example, here are the differences in instruments used. Cheng (1996) uses two instruments:
(1) the student's percentile distribution in the rank (by school) of time spent in the United States and (2) the year of entry in the United States. Federman (2000) uses three instruments: (1) whether the student's school is required by state law to provide bilingual education or English as a second language; (2) availability of state funding for schools choosing to offer language assistance programs for limited English proficiency (LEP) students; and (3) whether the state offered certification in bilingual education for teachers in 1987, a measure of state regulation of language assistance programs. Mora (2000) does not control for selection bias. Lopez (2003) uses two instruments:
(1) first language and home language as of eighth grade (NELS) or tenth grade (HSB) and (2) the quartile rank used by Cheng (1996) . 4. The change is between the school's share of students eligible for bilingual education in the 1998-99 school year, which is zero if the school mechanically followed Proposition 227, and the school's share of students eligible for bilingual education in the 1997-98 school year.
services, and students just below the threshold receive English language services. For the sample of students near the passing cutoff, he finds negligible differences in mathematics and reading achievement between students who receive English language services and students who receive no such services. In sum, these studies find mixed effects of bilingual education on academic achievement and labor market outcomes. They use a host of techniques to control for the nonrandom placement of students into bilingual education. Their data sets either are aggregated to the grade level or contain English proficient students along with ELs. However, none of the studies considers the effect of bilingual education on English proficiency (as distinct from academic achievement in English, reading, or writing).
DATA
In 2001, California implemented a statewide assessment, the California English Language Development Test (CELDT), to measure proficiency in English. 5 The CELDT is administered to all EL students in the fall of each school year. The CELDT consists of three portions: listening and speaking, reading, and writing. The listening and speaking portion is administered individually to students in all grades; the tester asks each student a set of questions to measure both specific and general skills (Legislative Analyst's Office 2004). The reading and writing portions of the test, administered to students in grades 2-12, are standardized tests with multiple-choice and short-answer sections. An overall scale score is calculated based on the scale scores for each individual portion. The CELDT data contain extensive student-level test score data on English proficiency, but they contain no measures of academic achievement. Scale scores are available for each portion of the English proficiency test (listening and speaking, reading, and writing), as is the overall score. These scores are available for the current school year as well as the previous school year. Comparisons of CELDT scores are valid only within each grade span (K-2, 3-5, 6-8, and 9-12) . In other words, a scale score of 500 in grades 1 or 2 may or may not represent the same level of English proficiency as a scale score of 500 in grades 4 or 5. Consequently, separate regressions are estimated for each grade and year.
For each student, the CELDT data contain four categories for English language instruction (collectively referred to as EL services): (1) English language development (ELD), (2) ELD and specially designed academic instruction delivered in English (SDAIE), (3) ELD and SDAIE with primary language 5. Prior to 2001, statewide data on English proficiency are not available. Individual districts and schools may have conducted their own assessments, but data on these assessments are not available.
support, and (4) ELD and academic subjects through primary language. 6 The last category is defined as bilingual education due to the use of primary language in academic subjects. 7 For all these programs, academic instruction focuses on teaching the academic material, with the acknowledgment that the students have limited English proficiency. Bilingual programs address this issue by providing part or all of the instruction in the primary language. Other EL programs address the issue by providing additional explanation of terms, using pictures to add context, and in some cases providing small amounts of clarification in the primary language. CELDT demographic data also contain information on primary language, gender, age, mobility, and program participation (for programs other than EL). The mobility information includes the number of years in the current school and the number of years in U.S. schools. 8 The non-EL programs include special education receipt and Title I receipt (i.e., supplemental services, typically targeting low-income students). Student-level CELDT data are supplemented with school-level data from the California Basic Education Data System (CBEDS). These data include schoollevel information on teachers (because researchers cannot link EL students to their individual teachers), school demographics, and academic achievement (for non-EL students) in English and language arts.
The CELDT data are a repeated cross section rather than a panel. They contain the previous year's CELDT score (in addition to the current year's CELDT score), but all other data are from the current school year. The bilingual education variable is from the current year, which I treat as a proxy for bilingual education in the previous year. For a subset of students, I was able to merge CELDT data across years using the school identifier, birth date, grade, and gender. For these students, most had the same EL program for both years. Furthermore, the regression results were qualitatively similar when using the previous year's EL program rather than the current year's EL program. When both the current year's and previous year's EL programs are included, the coefficient for the previous year is usually statistically insignificant, whereas the coefficient for the current year is essentially unaffected by the inclusion of the previous year's EL program.
9 Therefore I use data from the current year 6. There is a fifth category for "other" EL services, treated as non-bilingual education, which contains few students. 7. The bilingual education category includes all types of bilingual programs such as early-exit programs as well as dual-immersion programs. 8. Data prior to 2004 also contain information on the years in the current district. The data on years in U.S. schools are quite noisy, so I do not use them in the analysis. 9. There are several reasons to suspect that the previous year's EL program is measured with error.
Many students are not matched, and there is the possibility that other students are matched incorrectly due to the use of student characteristics rather than student identifiers (which are not because the sample is much larger and more representative, and the results are not sensitive to this choice.
There are a few sample restrictions in the data. Students in their first year in a California school have not been exposed to any EL program and therefore are excluded from the sample. Students who skipped a grade or repeated a grade are also excluded in order to ensure that all students' previous CELDS scores are from the same grade. Because 99 percent of students in bilingual programs in California are native Spanish speakers, I only include native Spanish speakers in the analysis sample. One or two percent of EL students attend charter schools, and they are excluded from the analysis to avoid confounding the effects of charter schools with the effects of bilingual education. Similarly, students in nontraditional schools such as alternative schools, special education schools, and county offices of education also are excluded. Finally, less than 1 percent of the students have missing CELDT scores due to invalid values of either test scores or grade levels, so they are excluded from the sample. The findings are robust to alternative sample definitions such as including charter school students or students who skipped or repeated a grade. Table 1 presents the descriptive statistics for the analysis sample, a combined sample of students in the 2003 and 2004 CELDT data. The statistics are separated by grade (1-5). The average test score is between 450 and 550 for the current year, with a standard deviation between 50 and 65. The percentage of students in bilingual education programs is highest for students in first and second grades, at 14 percent. The percentage is around 9 percent for fourthgrade students and 6 percent for fifth-grade students. These small percentages are to be expected given the provision of Proposition 227 that EL students be taught "overwhelmingly" in English. Roughly 80 percent of EL students are eligible for Title I services, and between 4 percent (first grade) and 11 percent (fifth grade) receive special education services. The average EL student attends a school that has little language diversity, and the majority of students in the school are ELs.
DESCRIPTIVE CHARACTERISTICS

PARTICIPATION IN BILINGUAL EDUCATION
This section takes a closer look at the relationship between bilingual education participation and student and school characteristics. In California, the participation decision for bilingual education is a two-part process. The first step for a student to participate in bilingual education is for the student to attend available). A previous year EL program is often missing for students who arrived in California schools in the previous year. Note: Standard deviations are in parentheses.
a school that offers bilingual education, as schools are not required to offer it. If the student attends a school that offers bilingual education, he or she may participate in bilingual education if at least one parent visits the school and signs a permission slip. Thus the placement of students into bilingual programs is a subjective process by the schools (whether to offer bilingual education) and by the parents (whether to enroll their children in bilingual education). CELDT data identify only the outcome of this process: whether or not the student participates in bilingual education. Table 2 contains the marginal effects from a probit on bilingual participation, presented in percentage terms. The marginal effects are calculated at the mean for continuous variables; for dichotomous variables, the marginal effect is the change in probability of bilingual participation from changing the dichotomous variable from zero to one.
10 Recall that bilingual participation is largest in the lower grades-around 14 percent in first grade-and smallest in the highest grades-around 6 percent in fifth grade. Participation in bilingual education is negatively associated with previous CELDT scores in reading/listening and writing, but the association is positive for reading scores. For first-grade students, a one standard deviation increase in the previous listening and speaking score (about ninety points; see table 1) is associated with a decreased likelihood of participation in bilingual education of about 4 percentage points-approximately one-third of the mean participation rate. The effect is approximately 5 percentage points for second-grade students. When measured as a percentage of the bilingual participation rate, the effect of previous test scores is sizable, ranging from 27 to 49 percent. In other words, more proficient students are not as likely to participate in bilingual education.
Other student characteristics have significant differences in bilingual education participation. Females in third and fourth grades have slightly higher participation. Students receiving special education services correspond to noticeably lower participation in bilingual education. On the other hand, students who have spent more time in their current school correspond with somewhat higher participation.
Selected school characteristics have significant relationships with bilingual education. The percentage of EL students in the school has a large, positive relationship with bilingual education participation: the one standard deviation effect is similar to that of lagged CELDT scores. Similarly, the language homogeneity index-higher for schools with little diversity in the home language of EL students-also has a large and positive relationship. Perhaps the positive coefficients on these two variables reflect economies of scale-more 10. Although not reported, results from a linear probability model are quite similar. bilingual education in schools with higher concentrations of students speaking the same non-English language. For all grades, schools with higher California Standards Test (CST) scores, a test of academic achievement in English and language arts, correspond with substantially lower participation.
OLS MODEL AND RESULTS
The pattern of results from the participation probit suggests that students in bilingual programs differ from students in other instructional programs along many dimensions. In order to control for these differences, the starting point for the analysis is an OLS regression, as shown in equation 1:
In this equation, ENGPROF i is student i's scale score from the current school year of the CELDT (2003 CELDT ( or 2004 . Recall that separate models are estimated for each grade. Because students in kindergarten and first grade take only the listening/speaking portion of the test, the only outcome variable for grades 1 and 2 is the listening/speaking scale score. For grades 3-5, separate models are estimated for each of the three portions: listening/speaking, reading, and writing. BILINGUAL i is a dummy variable for whether the student receives academic instruction in his or her native language (Spanish, as the sample is limited to Spanish speakers). In other words, the comparison group contains EL students who do not receive academic instruction in their native language.
X i can be partitioned into three components (along with a dichotomous variable for year and a constant term), LAGPROF i (lagged English proficiency), STUDENT i , and SCHOOL i . LAGPROF i contains the scale scores from the previous year's CELDT. Again, for grades 1 and 2, LAGPROF i has only one test score, the previous year's listening/speaking portion. For grades 3-5, LAGPROF i contains three test scores, one for each portion of the test. This structure allows for a more comprehensive effect of lagged English proficiency.
STUDENT i is a vector of student-level characteristics such as sex, special education receipt, and participation in the Title I program (a proxy for family income), as listed in tables 1 and 2. SCHOOL i is a vector of school-level characteristics from the previous school year.
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The OLS results are in Bilingual education has a negative coefficient for the listening/speaking test, although the coefficient is much larger for grades 1 and 2. Specifically, the effect is −0.46 standard deviations for grade 1 and −0.27 standard deviations for grade 2. In contrast, the coefficient is less than 0.05 standard deviations in grades 3-5. In other words, the negative association between bilingual education and listening/speaking proficiency is concentrated in first and second grades; by third grade, the effect is extremely small. The coefficients for bilingual education in the reading proficiency regressions vary by grade. In third grade, bilingual education is associated with a small, positive effect of 0.07 standard deviations. In fourth grade, the coefficient is not statistically different from zero at conventional levels of 10 percent or less. In fifth grade, bilingual education is associated with a small, negative effect of −0.04 standard deviations. This pattern of results suggests that bilingual education does not have a strong association-either positive or negative-with reading test scores.
The bottom panel of table 3 illustrates that bilingual education has a modest, negative association with writing proficiency. The coefficient is negative and significant in all years and grades. In third grade, bilingual education is associated with a 0.10 standard deviation decrease in writing proficiency. For fourth grade, the effect size is a 0.07 standard deviation decrease, and in fifth grade the effect size is a 0.06 standard deviation decrease.
Bilingual education is not the only determinant of English proficiency, as illustrated by the results in appendix tables A.1a and A.1b. As expected, previous test scores have strong positive effects: students do not lose English proficiency from one year to the next. Females and students who have spent more time in their current school are associated with higher test scores, whereas disadvantaged students-Title I students and students receiving special education services-are associated with lower test scores. At the school level, average test scores (of non-EL students) in English/language arts are also positively associated with English proficiency. The school's percentage of EL students is associated with lower listening and speaking proficiency. The percent of teachers who are fully credentialed has a positive association with reading proficiency and writing proficiency. Other school characteristics, including the access to teachers specifically authorized to teach EL students, do not have consistent effects on English proficiency. Table 4 contains the results from a school fixed effects estimator. This model controls for between-school differences in fixed (observable and unobservable) factors. Rossell (2005) illustrates how California schools had great variation in defining bilingual education and other EL instructional programs. In other words, two schools may offer the same program, but one school calls it bilingual education and one school calls it something else. Rather than identifying the bilingual education effects of such situations, the school fixed effects model is identified only off of within-school differences in bilingual education. The results are similar to the OLS results in table 3, although the magnitudes of the effect may vary slightly. These findings suggest that between-school variation in bilingual education programs is not driving the OLS results.
PROPENSITY SCORE MODELS AND RESULTS
In this section, propensity score analysis provides a robustness check on the OLS results in table 3. For bilingual education, the propensity score equals the likelihood of participating in bilingual education, calculated as the predicted probability from the probit equation of bilingual education receipt reported in table 2. The propensity scores obtained from a logit model are nearly identical. The independent variables are defined as in equation 1. 12 Figure 1 illustrates the predicted propensity scores for fall 2004 separately by grade. As expected, propensity scores are higher for students who participate in bilingual education than for those who do not. The area of common support is 100 percent for both cohorts (and for 2003, although not shown in the figure) . Both of these factors are consistent with a valid propensity score estimator, but the validity of the estimator ultimately hinges on the assumption that observables capture all relevant determinants of bilingual education participation.
Propensity scores dominate the matching literature. However, there are many types of propensity score estimators, and no single estimator dominates the literature (see, for example, Frolich 2004) . Because the focus of the article is on the effectiveness of bilingual education, not propensity score estimators, I employ three common methods: kernel density, nearest neighbor, and caliper.
13 Essentially, the kernel density estimator creates a weighted average of the comparison group (in this case, EL students not in bilingual education) for each student in the treatment group (in this case, EL students in bilingual education).
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In the nearest neighbor approach, each student in bilingual education is matched with the four students in other EL programs who have the most similar propensity scores. I choose four because simulation results in Abadie and Imbens (2002) worked best, in terms of mean-squared error, for four neighbors, although my results for four are quite similar to results with other numbers of matches (from one to five).
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12. Researchers often use interaction terms or higher-ordered terms (for continuous independent variables) in order to improve the goodness of fit of the probit (or logit) generating the propensity score. However, there is no theoretical basis for including these extra terms. Their goal is to eliminate any statistically significant differences in variables between the treatment and control groups. However, given the size of my sample, it is extremely difficult to eliminate all statistically significant differences between students in bilingual education and other EL students. 13. I use a matching program in Stata called psmatch2 (see Leuven and Sianesi 2003) to calculate the propensity score estimators. For a recent review of matching estimators, with an application to job training programs, see Mueser, Troske, and Gorislavsky (2007) and the references cited therein. 14. I use the default options in psmatch2: an Epanechnikov kernel (as recommended by Silverman 1986) with a bandwidth of 0.08. 15. I match with replacement, and I include ties (i.e., students with identical propensity scores), even if including them raises the number of closest neighbors above four. The results are not sensitive to either of these assumptions.
Figure 1. Propensity Scores by Grade and Bilingual Education Participation
The third method is a caliper or radius method. I match each student in bilingual programs with all students in other EL programs who have a propensity score with a given amount, called the radius. I choose a radius of 0.000004 (which produces a similar average number of matches to the four nearest neighbors), although results with radii of 0.000001 to 0.000005 produce nearly identical results. Table 5 contains the results from all three types of propensity score estimators. The reported results are simple differences in means between the two groups, the full set of students in bilingual education and the matched set of EL students in other programs. Regression-adjusted estimates are similar to the simple averages and therefore are not reported. The results do not account for the variation resulting from the matching process. Given the similarity of the results to the OLS results for the full sample, it is extremely doubtful that controlling for that variation will substantially alter the findings. Furthermore, Abadie and Imbens (2008) show that bootstrapping the standard errors is not necessarily appropriate. The estimators in table 5 are quite similar to the OLS estimators (measured in standard deviation effects) for the full sample (table 3) . With one exception, the full sample OLS standard deviation effect lies between the three matching estimators.
16 For example, the full sample OLS coefficient is −0.46 standard 16. In that exception, grade 4 reading proficiency, the estimates from the propensity score are from −0.02 to 0.005 standard deviations, whereas the OLS estimate is 0.01 standard deviations.
deviations for first-grade students (table 3, top panel, column 1). This coefficient falls between the kernel density estimate of −0.51 and the radius/caliper estimate of −0.44 (both from table 5, column 1). There are several potential explanations for the similarity between matching estimators and OLS coefficients. The area of common support is 100 percent for the kernel and nearest neighbor matching but falls to roughly 75-90 percent for radius matching. This high percentage suggests that propensity score samples may be similar, but not identical, to the overall sample (controlling for observables). A related explanation is that selection on observables is largely linear. In this case, OLS models control for selection, and therefore the propensity score, a nonlinear function of observables, provides little additional information. A third explanation is that the matching procedure based on the propensity score is not appropriate. Propensity scores are convenient because they reduce the matching problem to one variable, the propensity score. Matching across multiple variables-that is, directly on the observables (or a subset of them) rather than on a nonlinear function of them-is difficult to implement successfully (Smith and Todd 2005) . For example, Mueser, Troske, and Gorislavsky (2007) and Frolich (2004) find that Mahalanobis distance methods perform worse than propensity score methods.
17 Therefore I do not pursue multidimensional matching estimators.
INSTRUMENTAL VARIABLES MODELS AND RESULTS
One concern with the OLS and matching estimators is that the bilingual education coefficient may be picking up the effect of other variables that cannot be measured. The results in this section use an IV approach to address this concern using two instruments based on school-level changes in the percentage of EL students participating in bilingual education as a result of Proposition 227. 18 For more information on the IV technique, see Jepsen (2009). In order for these instruments to be valid, they must be correlated with bilingual education participation at the student level, but they must not be directly correlated with student-level English proficiency. The IV results for these two instruments are in table 6. The table reports the full model, where each cell is from a separate IV model. The layout is the same 17. Similarly, Frolich (2004) finds that using the odds ratio of the propensity score, as suggested by Imbens (2000) , performed more poorly than directly using propensity score methods. 18. The first instrument is the mechanical change in the school-level percentage of EL students participating in bilingual education as a result of Proposition 227. As in Gordon and Hoxby (2002) , the mechanical percentage is set to zero for the post-proposition period. The pre-proposition measure is the school-level percentage of students enrolled in bilingual education in spring 1998 (i.e., right before Proposition 227). Because the post-proposition percentage is set to zero, the mechanical change (i.e., post-proposition minus pre-proposition) is equal to the opposite of the pre-proposition percentage. The second instrument is the actual change in the percentage bilingual between spring 1998 and spring 1999 (at the school level). as table 4 (the results for the school fixed effects model). Bilingual education has a large, negative association with listening and speaking proficiency in first and second grades. The IV coefficients show no evidence of a negative effect for listening and speaking proficiency in grades 3-5, as the coefficients are always positive and in some cases statistically significant. For reading proficiency, bilingual education has a positive association for students in grades 3 and 4, and the coefficient for grade 5 is not statistically different from zero. For writing proficiency, bilingual education has a modest, negative association for grades 3 and 4, and the coefficient for grade 5 is not statistically different from zero. In sum, the results are generally consistent across all four methods (OLS, school fixed effects, propensity score, and IV). Compared with other EL programs, bilingual education has a sizable, negative association with English listening/speaking proficiency for EL students in first and second grades. For EL students in grades 3-5, bilingual education has a small and often insignificant association with English proficiency.
BILINGUAL EDUCATION BY PREVIOUS PROFICIENCY SCORE
As seen above, EL students in bilingual education have dramatically lower English listening and speaking proficiency than EL students in other EL programs in first and second grades. Bilingual education has small and often insignificant associations with English proficiency for students in grades 3-5. These findings are robust across years and across estimation methods. This section contains an exploration of whether bilingual education has differential effects based on students' prior English proficiency levels. Specifically, I estimate an OLS model similar to equation 1, except for the addition of variables interacting the bilingual education variable with dummy variables for each quartile of the previous year's listening/speaking score. The results for the listening/speaking test are in table 7, and results for reading and writing are in appendix table A.2.
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The results for all three English proficiency tests show the same pattern: the bilingual education coefficient improves dramatically with the quartile of lagged listening and speaking proficiency. In other words, the students who appear to benefit the most from bilingual education relative to other EL programs are the students who had strong English listening/speaking proficiency in the previous year. For students in the lowest quartile, bilingual education is associated with lower listening and speaking test scores of more than forty points (approximately 0.7 standard deviations) among first-grade students. For students in the third-lowest quartile, the bilingual coefficient is only −9 points (0.06 standard deviations). Other grades also have a positive relationship between lagged listening and speaking proficiency and the bilingual coefficient, although the range of effects is much smaller.
ATTRITION
One concern with the results in all the tables is the relationship between student attrition and bilingual education. By using lagged CELDT scores, the 19. The results are similar when the quartile interaction terms are replaced with a single interaction term between bilingual education and the previous year's listening/speaking test score.
sample is restricted to students who took the CELDT in the current year and in the previous year. If attrition from one year to the next is systematically related to bilingual education status, the estimates in the table are not valid. There are two sources of attrition in the CELDT data. First, attrition occurs if a student leaves the California public school system (CELDT test score data are available for students who switch public schools within California). Second, attrition occurs if a student is no longer considered an EL. Once a student is considered proficient in English, that student is no longer considered an EL and stops taking the CELDT. Because the data are a repeated cross section, I cannot directly measure attrition. Instead, I calculate attrition indirectly by attempting to merge the fall 2003 cross section with the fall 2004 cross section. Student identifiers are not available, so students are matched based on school, grade, gender, and birth date. Specifically, the attrition analysis is limited to students in the fall 2003 cross section who can be uniquely identified based on the matching variables (school, grade, gender, and birth date). The focus is on students in grades K-4 in 2003 because these students would be in grades 1-5 in the fall 2004 cohort. Table 8 with the hypothesis that the large, negative bilingual education coefficients in grades 1 and 2 and small, often insignificant, bilingual coefficients in grades 3-5 occur because the high-achieving, non-bilingual students in grades 3-5 were more likely to become proficient in English. On the other hand, the lower attrition for students in bilingual programs is not consistent with the hypothesis that the bilingual education coefficients are biased down because bilingual education students are economically disadvantaged and therefore more likely to leave California schools. Thus the table suggests that the results in this article are not being driven by systematic attrition of EL students.
DISCUSSION
This article studies the causal effect of bilingual education versus other EL programs on English proficiency. The comparison group is the set of students 20. Note that the quartile is calculated for all students in the appropriate grade. Separate quartiles are not calculated for students in bilingual programs and for students in other EL programs. receiving other EL programs because most educators and policy makers agree that these EL students need some sort of EL program. Not offering them any EL program is no more plausible an option than not offering them a mathematics program. The study uses a unique administrative data set of California EL students in elementary grades. Students are not randomly assigned to bilingual education: in California, Proposition 227 requires parental permission slips before students are allowed in bilingual education classrooms. In addition to OLS, I use propensity score analysis to control for selection on observables and school fixed effects to control for between-school attributes that do not vary across students. The results from the propensity score technique and the school fixed effects model are similar to the OLS results. In grades 1 and 2, students in bilingual education programs have lower listening and speaking proficiency scores than other EL students. The size of this effect is large-over 0.3 standard deviations in many cases. Furthermore, the effect of bilingual education is inversely related to students' previous listening and speaking proficiency. Students with low English listening and speaking proficiency in the previous year have particularly large, negative effects of bilingual education, whereas students with higher levels of English proficiency suffer little if any negative consequences of bilingual education. Policy makers should consider this adverse effect on English listening and speaking when evaluating bilingual education programs because they represent a cost to the youngest and weakest students.
For students in grades 3-5, the effects of bilingual education versus other EL programs are much smaller. In several cases, the effects on English proficiency are insignificant or even positive. In terms of standard deviations, nearly all the effects are under 0.1 standard deviations, and many are under 0.05 standard deviations. Although these effects are sometimes statistically significant, their small size suggests fewer concerns about the negative consequences of bilingual education on English proficiency for older students.
Why would bilingual education have a large, negative effect of English listening and speaking proficiency for students in early elementary grades but smaller (and sometimes insignificant) effects in later grades? Proposition 227 requires that EL students enroll in English-only classrooms for thirty days when they first enroll in California schools. English-only classrooms are much more similar to English-based EL programs than bilingual programs, so students in bilingual programs lose thirty days of access to bilingual programs in their first year. Most students in bilingual programs enter California schools in kindergarten or first grade.
Bilingual programs in kindergarten and first grade typically use primary language much more extensively than English; the percentage of instruction in English gradually increases so that by fifth grade at least half the instruction is in English (Ovando and Collier 1998) . For example, schools in San Diego County and in San Francisco use such an approach in their bilingual programs (Gold 2006; SFUSD 2008) . If this approach is common in California, lower English proficiency gains might be expected for bilingual education students in first and second grades compared with other EL programs where a higher proportion of overall instruction takes place in English.
Because student-level academic achievement data are not available, this article looks at only one outcome: English proficiency as measured by the CELDT data. Bilingual education has many goals, including overall academic proficiency. Still, English proficiency in the younger grades is essential for overall academic achievement. Although bilingual education is not as successful with regard to English proficiency as other EL programs for early elementary school students, it may have other benefits that are not captured in the administrative data used here. Previous work finds mixed effects for academic achievement (for example, Gordon and Hoxby 2002; Lopez 2003) . Further research on all relevant outcomes (not just English proficiency and academic achievement) is needed.
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